INTRODUCTION
Estimation of rotation parameters of a three-dimensional object is an objective for processing images [1] [2] [3] [4] [5] [6] [7] , 3D modelingand remodeling of an object [8] [9] [10] [11] [12] [13] . There are a number of approaches to solve the problem. The fi rst approach is based on the preliminary identifi cation of marks within the structure of the reference and observable three-dimensional objects. Thus, if we have at least three identifi ed marks, we can calculate the rotation matrix.This approach can beappliedin astro-orientation systems [14] , insystems for highlightobjectrecognition in radar images by means of iterative angular matching of rotation parameters of 3D objects in context of a priori uncertainty of the angular parameters [15] [16] [17] , and in order to process images of polyhedron [18] . In the case when the identifi cation of marks is not feasible, or it has been executed with errors, the problem of estimating rotation parameters on the basis of this approach is either not solved, or solved with errors. The second approach is based on the use of correlation algorithms for image processing of three-dimensional objects [19] , but it is rathercomplex in context ofa priori uncertainty regarding the transformation parameters of scaling, rotating, and transferring.The Hoch-based transformation approaches [20] [21] [22] [23] [24] are of lower complexity, however, the requirements for computational resources are quite high, and consequently, these approaches have less noise immunity when compared to the correlation algorithms. The third approach is based on the use of functional descriptions of three-dimensional surfaces that do not require knowledge of the numbering of samples of a three-dimensional object. The paper [25] , gives a solution to the problem of estimating rotation parameters on the basis of an analysis of the projecting functions of a quaternion variable. One of the drawbacks of this approach is that it is limited to be applicable forstellar shapes only and it has less noise immunity when compared to the correlation algorithms. The papers [26, 27] , resent a technique for estimating rotational parameters on the basis of an analysis of spectral coeffi cients for the expansion of a function describing the surface of an object in the basis of spherical harmonics. The downside of the technique is the use of iterative procedures to determine Euler angles, which complicates the procedure and does not guarantee the uniqueness of solution. Thus, the objective of the work is to develop an analytical method for estimating rotation parameters of three-dimensional point cloudobjects in three-dimensional space, which is of low complexity and provides a single-valued solution.
THEORY AND EXPERIMENTAL METHODS USED

Parameterization of images of three-dimensional objects
While trying to solve problems of processing volumetric images we often use methods based on a functional description of the surface of a three-dimensional object [25] [26] [27] [28] [29] . For this purpose, the references that defi ne the surface of the object should be parametrized, i.e. they should be uniquely defi ned in the coordinate system used to represent the surface using a particular system of functions. When spherical harmonics or methods based on the projection of references onto a single sphere are applied, all references of the surface of the object should be given in a spherical coordinate system. Parameterization for stellar shapes can be performed routinely by constructing vectors from any point inside the fi gure, for example, from the center of gravity, to the points on the surface of the object. However, this method is not applicable for fi gures of a more complex shape, because in such a case, the ambiguity of setting the references of In this paper, we offer a vector-fi eld model approach. Let us consider a scene with a spatial object whose surface is given by a point cloud obtained, for example, as a result of scanning the object (Fig. 1 ). We associate with each n-th point of the surface a certain charge, the coordinates of which are given by a q(n) three-dimensional vector. Let the coordinates of some point of the scene be given by a three-dimensional vector. Then the vector of electric fi eld intensity created by all charges at this point is determined by the formula 1. Each charge can be assigned with the electric fi eld lines radiating from this charge and subjected to deformation in space due to the infl uence of the fi eld of other charges. Let the beginning of the force line coincide with the position of the charge in the scene, i.e. v 0 (n)=q(n), and the initial direction coincide with the direction of the normal vector to the surface at a given point. To determine the position
in space of the next point of the force line, it is essential to determine the direction of the electric fi eld vector at a given point and to move in the direction of this vector by some value ε. Then the coordinate of the point of the force line in the next step is determined by the formula 2.
The process of force line designing continues until it extends beyond the sphere of a given radius. The angular coordinates of the intersection point of the sphere by the force line are taken as the result of the parametrization of the n-th point. Figure 2 shows the results of designing the force lines of the electric fi eld for the test objects shown in fi gure1. After each point of the surface is mapped onto a sphere, one can perform its expansion in an orthogonal basis, for example, in the basis of spherical harmonics by 3. 
where N is the number of references that defi ne a three-dimensional surface.The parameter L is set, on the one hand, on the basis of the required accuracy of the representation of the object in the basis of spherical harmonics, on the other hand, based on the possibility of a correct solution of the system (5 n=0,1,. ..,N-1. Then the expansion coeffi cients in a spherical basis for functions with respect to the corresponding coordinates can be determined by:
where F x , F y , F z are the vectors containing references that specify the coordinates of points on the surface of the object. Figure 3 shows the results of approximation of the objects presented in fi gure 1, as well as the results of approximation of the test objects of geometric primitives: a cube, and a cone.If L=11 and above we can reach a good quality of approximation of three-dimensional surfaces when using the proposed method for their parametrization. Figure 4 shows the comparative results of the approximation of the test object, described in the paper [30] . The results show that the method proposed provides a comparable quality of surface approximation. 
EXPERIMENTAL SECTION
ESTIMATION OF ROTATION PARAMETERS OF 3-D IMAGES
Figure 4: Comparison of the results of approximation, a) test three-dimensional object [16]; b), c) the results of designing the approximated surface, respectively, when L=1 and L=2 [16];d), e) a pointcloud and the results of approximation using the proposed parametrization method when L=1 and L=2; f) g) the result of the surface visualization
If a three-dimensional image has been subjected to a rotation transformation, then its restoration based on the obtained expansion coeffi cients in the basis of spherical harmonics will be as follows: where ρ lm (r) is the expansion coeffi cients of the rotated object. A number of papers, for example, [26, 27] show (7) that there is a relationship between the expansion coefficients of the reference and the rotated objects, given by the Wigner D-matrix: (8) where (9) where l=0,1,2,3,..., n,m=-l,...,0. ..+l, α, β, γ -are Euler angles. For example, if the Wigner D-matrix is: (10) Thus, in order to estimate the rotation parameters of a three-dimensional object by analyzing the expansion coeffi cients in the basis of spherical harmonics, it is essential to fi nd the elements of the matrices D nm (l) . Let us consider the solution when l=1 . We write expression (8) in the matrix form:
If only one set of coeffi cients and is used than the matrix elements can not be directly expressed from (11) . It is necessary to have at least three sets of corresponding coeffi cients, which can be obtained in different ways.The fi rst way is to allocate at least three objects in the scene and calculate the ρ 1 and ρ 1 (r) expansion coeffi cients for each object. The combination of coeffi cients in 3x3 matrix allows us to express matrix from (11) :
(12) The main drawback of this method is the need to use the expansion coeffi cients of not less than three objects, which requires their preliminary selection and recognition in the scene. To ensure the possibility of solving the problem of estimating parameters from one object, we propose the second method, based on the allocation of additional parameters of vectors q(n), drawn from the center of gravity of the object to the references on its surface. Such aparameter can be the angle between the vector q(n) and the normal vectorata given point on the surface of the object n(n). The cosine of this angle can be defi ned as a standardized scalar product between the vectors q(n) and n(n):
When we have values of the references of the vectors and the corresponding corners , we can form three 'quasi-fi gures' corresponding to the values │q(θ,ϕ)│, │q Re (θ,ϕ)│= │q(θ,ϕ)│cosψ(n), │q Re (θ,ϕ)│= │q lm (θ,ϕ)│sinψ(n) andcalculate three vectors of the expansion coeffi cients: (13) Substituting the values P 1 and P 1 (r) obtained in accordance with (13) into (11), we can determine the matrix D (1) . Figure 5 shows images of the reference and rotated objects when α=130
RESULTS
The following values P 1 and P 1 (r) were obtained for these objects:
Thus, according to (11) for D (1) we get the following results:
The obtained values of the elements of the matrix D (1) coincide with those calculated by formula (9). 
CONCLUSION
Thus, the paper offers a comprehensive approach to processing three-dimensional images within the framework of solving a particular problem of estimating rotation parameters of three-dimensional objects whose surface is given by random references. The authors developed a technique of parametrization of three-dimensional images, which makes it possible to process images of complex three-dimensional objects. The paper shows the method for calculating the expansion coeffi cients in the basis of spherical harmonics for images of three-dimensional point cloud objects. We propose an approach that provides the possibility of estimating the rotation parameters of three-dimensional objects from the values of the expansion coeffi cients in the basis of spherical harmonics. The proposed approaches do not require to number the marks and make it possible to process objects specifi ed by point clouds with a different number of references. Furthermore, these approaches are less complex, feasible for parallelization of computational operations, and do not involve iterative procedures, while ensuring uniqueness of solution.
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